We present the results of a search for extended X-ray sources and their corresponding galaxy groups from 800-ks Chandra coverage of the All-wavelength Extended Groth Strip International Survey (AEGIS). This yields one of the largest X-ray selected galaxy group catalogs from a blind survey to date. The red-sequence technique and spectroscopic redshifts allow us to identify 100% of reliable sources, leading to a catalog of 52 galaxy groups. The groups span the redshift range z ∼ 0.066 − 1.544 and virial mass range M 200 ∼ 1.34 × 10 13 − 1.33 × 10 14 M . For the 49 extended sources which lie within DEEP2 and DEEP3 Galaxy Redshift Survey coverage, we identify spectroscopic counterparts and determine velocity dispersions. We select member galaxies by applying different cuts along the line of sight or in projected spatial coordinates. A constant cut along the line of sight can cause a large scatter in scaling relations in low-mass or high-mass systems depending on the size of cut. A velocity dispersion based virial radius can more overestimate velocity dispersion in comparison to X-ray based virial radius for low mass systems. There is no significant difference between these two radial cuts for more massive systems. Independent of radial cut, overestimation of velocity dispersion can be created in case of existence of significant substructure and also compactness in X-ray emission which mostly occur in low mass systems. We also present a comparison between X-ray galaxy groups and optical galaxy groups detected using the Voronoi-Delaunay method (VDM) for DEEP2 data in this field.
Introduction
Groups of galaxies are important laboratories to study galaxy evolution and formation. They are in the stage between the field and the densest environment in the universe, massive clusters ) and as many as 50% − 70% of all galaxies reside in galaxy groups (Turner & Gott 1976; Geller et al. 1983; Eke et al. 2005) .
It is valuable to study galaxy groups over a range of cosmic time to understand the effect of the group environment on the galaxy population. Several efforts have been made to identify groups and clusters up to redshift one and beyond (e.g., Stanford et al. 2006; Eisenhardt et al. 2008; Bielby et al. 2010; Tanaka et al. 2010 ). The faint Xray emission and low galaxy number densities of galaxy groups make such environments difficult to distinguish from the field compared to massive galaxy clusters at higher redshifts. We have a relatively good knowledge and samples of galaxy groups in the local universe (e.g. ) but there is a lack of similar samples of galaxy groups which have both sufficiently deep X-ray data and counterparts with optical spectroscopy at high redshift. In the presence of advances in deep X-ray surveys, extended X-ray emission provides a reliable signal to detect such environments at high redshifts.
There are a number of different methods for detecting groups of galaxies: searches in optical data via the red-sequence method (e.g. Gladders & Yee 2005; Koester et al. 2007 ); the Sunyaev-Zeldovich (SZ) effect on the cosmic microwave background, CMB (e.g. Sunyaev & Zeldovich 1970 , 1972 Carlstrom et al. 2002; LaRoque et al. 2003; Benson et al. 2004; Staniszewski et al. 2009 ; X-ray emission from hot intracluster gas (e.g. Boehringer et al. 2000; Hasinger et al. 2001; Vikhlinin et al. 2009; Finoguenov et al. 2010 ); cosmic shear due to weak gravitational lensing maps (e.g. Miyazaki et al. 2007; Massey et al. 2007) ; and spectroscopic group samples (e.g. Gerke et al. 2012; Miller et al. 2005; Knobel et al. 2009 ). While spectroscopic surveys reveal the largest and deepest group catalogs, detection of the group X-ray emission has been proven to ensure objects are virialized, and with the deepest X-ray survey available to date, the limits to which X-ray emission can be detected are reaching the level of low-mass groups. Moreover, compared to shear maps, X-rays probe a wider range in mass and redshift (Leauthaud et al. 2010) .
In this paper, with recent deep Chandra data (Nandra et al. in prep), we search for galaxy groups in a wide range of redshift in the Extended Groth Strip (EGS). In previous work, searching for galaxy groups in Chandra data with a nominal exposure time of 200 ks and ∼ 0.67deg 2 coverage of EGS field yielded a discovery of seven high significance galaxy groups in this field (Jeltema et al. 2009 ). We now add new Chandra data with approximately 800 ks exposure time covering ∼ 0.25deg 2 field; see Figure 1 . Furthermore, EGS is one of the four fields in Deep Extragalactic Evolutionary Probe 2 (DEEP2) spectroscopy survey (Davis et al. 2003; Newman et al. 2012) and it is the only field which has been targeted for extensive spectroscopic data in DEEP3 (Cooper et al. 2011 . The DEEP2 and DEEP3 coverage of EGS are magnitude limited but not color selected, yielding a large sample of spectroscopic galaxies at all redshifts enabling us to identify our groups optically and determine their velocity dispersions.
This paper is laid out as follows: section 2 presents a brief description of AEGIS survey and our data, section 3 describes our method for group identification. We present our identified group catalog in section 4. In section 5 we present spectroscopic group membership and dynamical properties of th groups. We make a comparison between the X-ray groups and optical groups which are identified from Voronoi-Delaunay method (VDM) in the DEEP2 spectroscopic dataset in section 6. Throughout this paper a ΛCDM cosmology with Ω m = 0.27, Ω Λ = 0.73 and H 0 = 100h km s −1 Mpc −1 where h=0.71 is assumed.
THE AEGIS SURVEY
The All-Wavelength Extended Groth Strip International Survey (AEGIS) brings together deep imaging data from X-ray to radio wavelengths and optical spectroscopy over a large area (0.5-1 deg 2 ). This survey includes: Chandra/ACIS X-ray (0.5-10 keV), GALEX ultraviolet (1200-2500Å), CFHT/MegaCam Legacy Survey optical (3600-9000Å), CFHT/CFH12K optical (4500-9000Å), Hubble Space Telescope/ACS optical (4400-8500Å), Palomar/WIRC near-infrared (1.2-2.2 µm), 4.5, 5.8, 8 µm, and a large spectroscopic dataset using the DEIMOS spectrograph on the Keck II 10m telescope in an area with low extinction and low Galactic and zodiacal infrared emission (Davis et al. 2007 ). In the following section we will describe the various data sets used in this analysis.
X-ray data
Our very deep Chandra survey used the Advanced CCD Imaging Spectrometer (ACIS-I) in three contiguous fields covering a total area of 0.25 deg 2 (Nandra et al. in prep) and a series of eight pointings covering a total area of approximately 0.67deg 2 in the Extended Groth Strip. provided the details for the latter survey and the X-ray point sources catalog. The total exposure time is approximately 3.4 Ms with nominal exposure of 800 ks in each three central fields.
We also used the XMM-Newton observations of the field (ObjIDs 0127921001, 0127921101, 0127921201, 0503960101), which were processed and co-added following the prescription of Bielby et al. (2010) . The total time of XMM observations is 100ks and its contribution to the final coverage can be seen in Figure 1 as a roundish area in the southern part of the survey. Here we present the X-ray extended sources catalog based on the Chandra and XMM observations in EGS.
In the Chandra analysis, we have applied a conservative event screening and modeling of the quiescent background. We have filtered the lightcurve events using the lc clean tool in order to remove normally undetected particle flares. The background model maps have been evaluated with the prescription of Hickox & Markevitch (2006) . We estimated the particle background by using the ACIS stowed position 1 observations and rescaling them by the ratio of the hard band (9.5−12keV) fluxes. The cosmic background flux has been evaluated by subtracting the particle background maps from the real data and masking the area occupied by the detected sources. We applied the method which has been used in Finoguenov et al. (2009) to search for extended sources and as a result we found 56 extended sources in EGS strip. Briefly, X-ray data have been obtained from X-ray mosaics made from coaddition of the XM M − N ewton and Chandra data. After back-ground subtraction and point source removal for each observation and each instrument separately, the residual images were co-added, taking into account the difference in the sensitivity of each instrument to produce a joint exposure map. To detect the sources we run a wavelet detection at 32 and 64 spatial scales, similar to the procedure described in Finoguenov et al. (2007 Finoguenov et al. ( , 2009 ).
Photometric Data
The EGS field is located at the center of the third wide field of the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS-Wide3, W3) 2 which is covered in u * , g , r , i and z filters down to i =24.5 with photometric data for 366,190 galaxies (Brimioulle et al. 2008) . The EGS field also contains the CFHTLS Deep 3 field (Davis et al. 2007 ), which covers 1 deg 2 with ugriz imaging to depths ranging from 25.0 in z to 27 in g. For this work, we have used the T0006 release of the CHTLS Deep data 3 . The CFHTLS Deep field also contains near-infrared coverage in the JHK bands via the WIRCam Deep Survey (WIRDS - Bielby et al. 2012 ). This covers 0.4 deg 2 of the D3 field and provides deep imaging to ∼ 24.5 (AB) in the three NIR bands. Photometric redshifts in the region covered by the NIR data were determined using the Le Phare code as described in Bielby et al. (2010) .
Spectroscopic Data
The DEEP2 Redshift Survey has targeted ∼ 3.5 deg 2 within four fields on the sky using the DEIMOS multi-object spectrograph on the Keck II Telescope (Davis et al. 2003) . All the DEEP2 targets have 18.5 ≤ R ≤ 24.1. The EGS is one of these four fields. Compared to 2 Based on observations obtained with MegaPrime/MegaCam, a joint project of CFHT and CEA/DAPNIA, at the Canada-France-Hawaii Telescope (CFHT) which is operated by the National Research Council (NRC) of Canada, the Institut National des Science de l'Univers of the Centre National de la Recherche Scientifique (CNRS) of France, and the University of Hawaii. This work is based in part on data products produced at TERAPIX and the Canadian Astronomy Data Centre as part of the Canada-France-Hawaii Telescope Legacy Survey, a collaborative project of NRC and CNRS 3 http://terapix.iap.fr/cplt/T0006-doc.pdf other DEEP2 fields, the EGS spectroscopy is magnitude limited, but not color-selected, giving the advantage of a sample of galaxies at all redshifts (Davis et al. 2007 ). In addition, this region of sky has been targeted for extensive spectroscopy with DEEP3 (Cooper et al. 2011 . The DEEP2 and DEEP3 catalogs have about 23,822 unique objects in total(with -2≤redshift quality≤4) and 16,857 objects with reliable redshifts (with redshift quality≥3). In addition to DEEP2 and DEEP3, EGS is located in Sloan Digital Sky Survey 4 coverage so we have additional spectra for our low redshift galaxies. We also used redshifts of spectroscopic galaxies obtained in follow-up observations of the DEEP2 sample with the Hectospec spectrograph on the Multiple Mirror Telescope (MMT; Coil et al. 2009 ).
Optical Identification
To identify the groups in redshift space, we used galaxies with good redshift quality in DEEP2 and DEEP3 to construct our initial redshift catalog. Using this catalog, imaging data, and position of X-ray extended sources, we assigned a redshift to each X-ray source visually where the spatial distribution of galaxies in the sky coincide with the Xray emission. For those sources for which we found more than one counterpart and the X-ray shape allows to securely seprate the contribution from several counterparts, we define a new ID in our Xray catalog. The detected sources areas searched for flux extension down to 90% confidence level which is subsequently used for flux estimation.
We also used the refined red-sequence technique, described in Finoguenov et al. 2010 , to confirm the overdensity of red galaxies within or near those X-ray sources which have a lack of spectroscopic data. In brief, we selected galaxies with |z − z phot | < 0.2 and within a physical distance of 0.5 Mpc from the center of X-ray emission at the given redshift. Then, using a Gaussian weight, we count galaxies around the model red-sequence and find overdensities. Since different observed colors are sensitive to red galaxies at different redshifts, we adopt the following combination of colors and magnitudes.
For those groups which lie in D3 field in CFHTLS : 0.0<z<0.3 : u * − r color and r magnitude 0.3<z<0.6 : g − i color and i magnitude 0.6<z<1.0 : r − z color and z magnitude 1.0<z<1.5 : i − J color and J magnitude 1.5<z<2.0 : z − Ks color and Ks magnitude For those in the W3 field: 0.0<z<0.3 : u * − r color and r magnitude 0.3<z<0.6 : g − i color and i magnitude 0.6<z : r − z color and z magnitude
We note that Bielby et al. (2010) mistakenly quoted their filter combinations to identify redsequence signals. They used the same filters as in our D3 field. Using the red-sequence technique and the spectroscopic data, we could identify redshifts for 52 extended X-ray sources. We have spectroscopic redshifts for 49 galaxy groups and more than two spectroscopic members for 46 galaxy groups.
We also assigned a flag for each extended source that describes the quality of the identification. Flag=1 indicates confident redshift assignment and significant X-ray emission and also good centering, while for Flag=2 the centering has a large uncertainty. In the cases when a single X-ray source has been matched to several optical counterparts the assigned flag is equal to 2 or larger. For Flag=3 we have no spectroscopic confirmation but good centering and for Flag=4 we have unlikely redshifts due to the lack of spectroscopic objects and red galaxies and also a large uncertainty in centering. We assigned Flag=5 for the 13 unreliable cases for which we could not identify any redshift. They can be split into the following categories.
Some of the X-ray extended sources do not have spherical and symmetric morphologies and some exhibit a secondary peak in X-ray distribution. Initially, we expect this results from overlapping systems but visual inspection of optical data and the red-sequence method indicate a single significant group for some of these. So, we classify the second shallow peak in X-rays as substructure in- side those real groups. Furthermore, sources on the edge of X-ray coverage with low signal to noise and no optical counterparts could be explained as residual background level in the images or bright X-ray clusters outside the field of view. We note that two RCS-2 clusters (Gilbank et al. 2011 ) are located 10 west from the edge of the survey. In the few cases of bright stars near the X-ray emission, we could not match galaxy counterparts to the extended emission. We assigned Flag=5 for all of these cases and they are not included in the final sample.
A Catalog of identified X-ray groups
In this section, we describe our catalog of 52 X-ray galaxy groups detected in AEGIS (Table 1) . The group identification number, RA and Dec. of the peak of X-ray emission in Equinox J2000.0 are listed in Column 1, 2 and 3. In Column 4 the mean of red-sequence redshifts which is substituted with the median of spectroscopic redshifts in case there is a spectroscopic redshift determination for the group member galaxies is listed. We provide the group flux in the 0.5-2 keV band in Column 5 with the corresponding 1σ error. The rest-frame luminosity in the 0.1-2.4 keV is given in Column 6. Column 7 lists the estimated total mass, M 200 , computed following Leauthaud 
, in arcminutes is given in Column 8. Column 9 lists the flag for our identification, as described in section 3. The number of spectroscopic member galaxies inside r 200 is given in Column 10 (see §5). Column 11 lists flux significance which provides insight on the reliability of both the source detection and the identification. The velocity dispersion estimated from X-ray luminosities is given in column 12.
Figures 2 and 3 show the luminosity and mass of groups as a function of their redshifts respectively.
A galaxy group candidate at z=1.54
During the optical group identification using spectroscopic data, we have discovered a high-z group candidate at z=1.54 (Figure 4) . The Xray signal is measured with a significance of 4.1σ. This group has two sepectroscopic members with good flags in the hot halo of the group. One of the spectroscopic members show AGN activity in its expectra and also detected as a X-ray point source in our analysis. The point source emission has been removed from the flux estimates. As it is a Chandra-detected group, the resolution allows Fig. 4.-RGB image of galaxy group at z=1.54 with ID = EGSXG J1420.4+5311 using channel 2 (4.5 microns) of Spitzer/IRAC and z and r bands from W3 field of CFHTLS. The contours show the X-ray emission. The green circles show spectroscopic redshifts and the yellow circles indicate galaxies located at 1.3 < z photo < 1.7 within r 200 of the group. Many of the red points are artifacts in the ch2 image and they don't have any corresponding sources in z and r bands.
us to exclude the AGN contamination down to a factor of 10 below the level of the detection of the extended emission itself. We estimate a cluster mass of M 200 = 6.8 × 10 13 M , an X-ray luminosity of L X = 5.4×10
43 erg s −1 and a virial radius of r 200 = 0.015
• . A red-sequence finder using channel 2 (4.5 micron) from Spitzer/IRAC and z band from CFHTLS has also detected a signal around z=1.5 ( Figure 5 ). Since we did not have a deep z-band image for this group, there was a strong limit on our color-magnitude diagram and thus the red-sequence signal and therefore we called it a group candidate. The uniqueness of this candidate group arises from availability of ultra deep X-ray image but the system is marginally covered by Spitzer/IRAC data and is out of coverage of Deep fields in AEGIS (CFHTLS D3, Hubble/ACS and CANDELS).
Spectroscopic group member galaxies
We search for galaxies associated with our identified X-ray sources based on their redshifts and positions. We perform this selection in different ways and explore the effects on the dynamical velocity dispersion, mass, and L x −σ scaling relation of the groups. First, we assume an initial velocity dispersion of 500 km/s for each group and calculate the redshift range for the group members from equation 1 (Wilman et al. 2005; Connelly et al. 2012 ):
This δ(z) max is then converted into a spatial distance using equation 2 and 3:
with b = AspectRatio = 9.5
where D θ is angular diameter distance. Considering the center of the X-ray emission as the center of the groups, we selected groups members which lie within our redshift and angular limits (equation 4 and equation 5).
We recompute the observed velocity dispersion of the groups, σ(v) obs using the "gapper" estimator method which gives more accurate measurement of velocity dispersion for small size groups (Beers et al. 1990; Wilman et al. 2005) in comparison to the usual formula for standard deviation,
According to the formula
where
and N is the total number of spectroscopic members. In this way we measure the velocity dispersion using the line-of-sight velocity gaps where the velocities have been sorted into ascending order. The factor 1.135 corrects for the 2σ clipping of the Gaussian velocity distribution. We then consider the r-band luminosity-weighted centroid in projected space as the center of the group and the mean redshift of the galaxy members as the group redshifts and again find the galaxy members. We repeat the entire process until we obtain a stable membership solution. For all the groups, we reach such a stable membership after 2 iterations. At the end, we calculated the rest-frame and intrinsic velocity dispersion according to
The intrinsic velocity dispersion, σ(v) intr , is computed by removing the effect of measurement errors of component galaxies from the rest-frame velocity dispersion, σ(v) rest (equations 8 and 9). Then we calculated errors for our velocity dispersions using the Jackknife technique (Efron 1982) . The error is [
2 where δ i = σ(v) obs − σ(v) obs,excluding i th member . We then applied two different optical and X-ray based cuts for the radius used to select member galaxies. Using σ(v) intrinsic derived from member galaxies after iterating, we computed r 200 for the optical cut as Carlberg et al. (1997) :
Where
For the X-ray defined radial cut, we used r 200,x from the main catalog(see § 4). We then calculated the intrinsic velocity dispersion for all groups based on equations 6, 7, 8 and 9 for the members with the optical and X-ray based radial cuts. In Figure 6 we present a gallery of RGB images of the X-ray galaxy groups within the D3 field of CFHTLS.
In the second way, we pick the spectroscopic galaxies with positions within the r 200,x of the Xray centers and their redshifts match to ∆z 1 = 0.001 × (1 + z G ) and ∆z 2 = 0.0025 × (1 + z G ) which corresponds to typical minimum and maximum velocity dispersions of a group. Table 2 shows a sample of spectroscopic galaxy members based on 0.0025×(1+z G ) selection. Then we computed intrinsic velocity dispersions for the member galaxies based on the X-ray virial radius and two different redshift cuts (∆z 1 & ∆z 2 ).
In all cases, we considered galaxy groups with more than 10 members when we use the "gapper"estimator to have a more relaible measurement of velocity dispersion(e.g. Girardi & Mezzetti 2001) . Figure 7 shows velocity dispersions of X-ray galaxy groups derived by "gapper"estimator method and from X-ray emission.
The relation between X-ray luminosity and dynamical velocity dispersion
Figures 8 and 9 show the X-ray luminosity versus velocity dispersion for different methods. These plots include all the galaxy groups with Flag=1 and 2. We also plot the L x − σ relation (dashed line) expected from scaling relations obtained for a sample of groups with similar luminosities in the 0 < z < 1 redshift range in COS-MOS (Leauthaud et al. 2010) . Velocity dispersions can be biased to higher values for low mass systems when we select members based on large The black filled circles show the velocity dispersions estimated from X-ray luminosities using scaling relations for all the groups. The filled and empty triangles show velocity dispersions for the groups with ∆z 2 and ∆z 1 respectively. The pentagons show the velocity dispersion for the groups with optically determined radial cut after iterations and the squares show the velocity dispersion for the groups with X-ray radius cut after iterations.
∆z as we may include outliers in our calculation and conversely can be biased to lower values for high mass systems if we select member galaxies within low ∆z along the line of sight as we are then ignoring some parts of the group (Figure 8) . Furthermore, tracking the groups while we use different ∆z to choose member galaxies reveals an average systematics error ∼ 190 km/s. Figure 9 shows the L x − σ relation for galaxy groups which members are selected based on two different radial cuts. It is obvious from Figure  9 that different radial cuts can cause a change in scatter of L x − σ relation but, in the case of high mass systems, there is no apparent change in scatter of this relation. In addition, low X-ray luminosity systems show significant deviations from the scaling relation in both X-ray and optically based radial cuts. We looked at the quality flags, dynamical complexity and the X-ray compactness in comparison to the virial radius for the groups in order to study the group properties and their effects on the relation. Fig. 6 .-CFHTLS D3 RGB images of X-ray galaxy groups using g , r and i bands of the groups with contours indicating levels of X-ray emission (in red) and spectroscopic members of the groups inside the virial radius estimated from X-rays. From upper left to lower right, the group IDs are: EGSXG J1416.4+5227, EGSXG J1419.0+5236, EGSXG J1417.9+5235, EGSXG J1420.0+5306, EGSXG J1419.0+5257, EGSXG J1419.4+5301, EGSXG J1417.3+5235, EGSXG J1419.8+5300, and EGSXG J1419.2+5255. The horizontal and vertical axes show the right ascension and declination respectively. To search for substructure in our groups, we apply the Dressler-Shectman (DS; Dressler & Shectman 1988) . We use the DS test as in Hou et al. (2012) which implement it for group size systems. In brief, we consider each individual galaxy in the group plus the N nn nearest members to it with N nn = √ n mem and calculate mean velocity and velocity dispersion for them (v i local , σ i local ). Then we compute the deviations for each galaxy from the mean velocity (v) and velocity dispersion (σ) of the whole group with n mem galaxies:
where 1 ≤ i ≤ n members . Then ∆ statistics were computed using:
To identify substructure, we used a probability (P-values) threshold for the DS test so we run 10,000 Monte Carlo simulations for each group. In each Monte Carlo run, the observed velocities -L X − σ relation for X-ray groups which members lie within a dynamically based virial radius (black circles) and X-ray based virial radius (red circles).
are randomly shuffled and reassigned to member positions and ∆ shuf f led is computed. The probabilities are given by
n shuf f le is the number of the Monte carlo simulations which in our case is 10,000. A system is then considered to have significant substructure with 99 percent confidence level when P < 0.01. In total, we found 2 galaxy groups of 17 in optically based radial cut groups and 1 group of 12 in X-ray based radial cut galaxy groups with significant substructure which are marked with stars in Figure 10 and 11. Figure 12 shows the optical images for three galaxy groups which have the largest deviations from the scaling relation in Figure 10 . All of them have Flag=1 and subtructure is not detected using the DS test. The two left images in Figure 12 have less than 10 members given an X-ray based virial radius cut and are not included in Figure 11 . We compared the extension of X-ray emission to virial radius extracted from X-rays and optical velocity dispersion for galaxy groups. As Figure 13 shows there is a population of the group galaxies which the fraction of the extension of X-rays to virial radius is less than 20% in optically based radial cut and less than 15% in X-ray based radial cut. These populations are dominated by some galaxy groups with Flag=2 and two galaxy groups from left in Figure 12 with an over-luminous galaxy close to the X-ray center.
We explored the L x − σ relation in more detail for three of the groups with large deviations from the scaling relation (Figure 12 ). EGSXG J1418.3+5227 with L x = 1.08 × 10 42 erg s −1 , has ∆m 12 = 2 where ∆m 12 is the r-band magnitude difference between the first and the second brightest galaxy located in half of the virial radius of the group. These conditions result in the clas- sification of this group as a fossil galaxy group candidate (Jones et al. 2003) . As fossil galaxy groups are believed to be the final result of galaxy merging in normal groups, we expect a sufficiently deep potential well and high X-ray luminosity for these systems (Ponman et al. 1994; Jones et al. 2000b) . As a consequence, we expect fossil groups be more X-ray luminous than normal groups for a given velocity dispersion (Khosroshahi et al. 2007 ) but instead we find the opposite. Moreover, ). The radius of detectable X-ray emission (at which the group emission fell to the background level ) for EGSXG J1418.3+5227 is more than this threshold and about 95 kpc. However, the nature of this X-ray extended source with such unexpectedly low X-ray emission compared to the velocity dispersion is still a matter of interest. In the cases of EGSXG J1417.3+5235 and EGSXG J1417.7+5241, both having large numbers of spectroscopic member galaxies, the estimation of velocity dispersion can't be the main uncertainty. EGSXG J1417.3+5235 satisfies all the three criteria (population, isolation and compactness) for a compact group (Hickson 1982) . For compactness criterion, Hickson (1982) establish that the sum of member galaxies' magnitude averaged over the smallest circle containing the cores of most luminous galaxies in a compact group should be less than 26 in POSS-I E band, µ E < 26 mag arcsec −2 . He use POSS-I E band for the cut on the surface brightness of his local groups which roughly corresponds to r-band (e.g. Díaz-Giménez et al. 2012) . As all his compact groups are in the local universe, we should apply the k-correction to the r-band magnitude of The dashed Gaussian curve is the expected velocity distribution from scaling relation for this group.
the member galaxies of EGSXG J1417.3+5235 at z=0.236. All galaxies which we use for computing surface brightness are on the red-sequence, therefore, we calculate the k-correction to the r-band magnitude using the stellar population model of Maraston et al. (2009) for red galaxies. Using the k-corrected magnitudes, this group satisfies compactness criterion. It also has high concentration in X-ray emission (Figure 13 ), while having low mass, so leading to steep X-ray profile. However, Helsdon & Ponman (2000) find the loose and compact local groups lie in a similar position on the L X − σ relation. Figure 14 shows the histogram of velocity distribution of member galaxies and the expected Gaussian distribution from scaling relations for EGSXG J1417.3+5235. Excluding these three groups, the Flag=2 groups and also the group with substructures, the L x − σ relation of our sample is consistent with the L x − σ relation expected from scaling relations obtained from COSMOS (Leauthaud et al. 2010 ).
X-ray mass vs. Dynamical mass
We also estimated dynamical mass for the galaxy groups using r 200 (eq. 10) and the intrinsic velocity dispersion as in Balogh et al. (2006) and Carlberg et al. (1999) : 
As we expect from the L x −σ relation of the groups (Figures 10 and 11) we find much better agreement between dynamical mass and X-ray mass for high mass systems (Figure 15 ). For low mass systems with low quality flag (Flag=2) and substructure, the disagreement between these two masses is more substantial. In addition, the errors on dynamical mass are increased in X-ray based r 200 as the groups have less members in this case compared to that of an optically based r 200 .
Comparison to optical groups
The optical group catalog is derived from DEEP2 DR4 dataset using the Voronoi-Delaunay method (VDM) group finder (Gerke et al. 2012) and includes groups in all DEEP2 fields. It yields 1165 groups with more than two observed members in the EGS field. We look at the distribution of redshifts for our X-ray and optically selected groups and in Figure 16 show the normalized distribution of redshifts for both samples. X-ray groups are preferentially found at z>0.6, compared to optical groups, but in general the two distributions are similar.
We also compared velocity dispersions of both samples. In order to have a reliable comparison we take into account only optical groups with our X-ray detection limit. Figure 17 shows the distribution of rest-frame velocity dispersion for galaxy groups with more than five members. For X-ray galaxy groups, we plot both velocity dispersions derived from X-ray properties and gapper estimator method. Velocity dispersion of optical groups are the observed velocity dispersion derived using the gapper algorithm. We converted them to restframe velocity using Eq. 7 for the comparison. We searched for the high velocity tail of the distribution of the optical group velocity dispersion in the X-ray data. This high velocity tail arises from galaxy groups with less than ten members which are actually part of a bigger group or on the edge of the X-ray coverage of EGS. Ignoring this tail, in general these distributions are also similar.
Summary and Discussion
We have searched for X-ray extended sources in AEGIS. We identified X-ray galaxy groups corresponding to extended X-ray emissions and presented the galaxy groups catalog. The catalog is reaching fluxes of 10 −15 ergs s −1 cm −2 with 52 systems detected by Chandra. Previously Chandra catalogs at such depths contain half a dozen objects per field (Giacconi et al. 2002; Bauer et al. 2002) . The DEEP2 and DEEP3 redshift surveys which provide the most complete sample at intermediate redshift and the largest accurate data sets at z ∼ 1, combined with deep X-ray imaging from Chandra in EGS field, bring a deep study of galaxy groups to a new level. Spectroscopic member galaxies are selected by applying different cuts: two X-ray based and optically based virial radius and two cuts along the line of sight. We examined the L x − σ relation for each cut and discussed the effects of them on the relation. We explored substructure in the groups by applying the Dressler-Shectman test and discussed its effect on the overestimation of velocity dispersion. We also looked at the compactness of the X-ray emission of the groups and its effect on the scaling relation. A comparison between dynamical mass and X-ray mass of the groups is also done. Finally, X-ray galaxy groups are compared with optical galaxy groups which are identified from VDM groups. Our results show: 1) Our detection of a high-z group illustrates that megasecond Chandra exposures are required for detecting such objects in the volume of deep fields. Smaller exposures, as Pierre et al. (2012) , only yields a marginal detection. 2) For a sample of groups with a wide range of X-ray luminosities, choise of a constant ∆z for member selection can cause a large scatter in L x − σ relation. 3) Choice of X-ray based virial radius or optically based virial radius does not have significant effect on the scatter around L x − σ relation for groups with high X-ray luminosities. 4) Substructure in groups can inflate velocity dispersion as outliers are also included in galaxies with dynamical complexity. 5) We find a compact group at z=0.24 with a concentrated X-ray emission with high velocity dispersion in comparison to X-ray luminosity. 6) X-ray galaxy groups and optical galaxy groups from VDM are nearly similar in both redshift and velocity dispersion distributions.
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